This study investigates the effects of users' visualization ability and Web site structure display design on users' performance and memory organization in Web site information search tasks using a browsing strategy. A human-centered design-structure preview-was proposed in this study. Structure preview is a Web site navigation menu in which each menu item serves as a link to one Web page, similar to a menu design in Microsoft Windows 95 and Windows 98. An experiment was conducted in which 40 individuals participated. The experimental design was a 2-factor factorial design. Independent variables were visualization ability (low and high) and Web site design (conventional and structure preview). Twenty participants were identified as users with low visualization ability and 20 participants were identified as users with high visualization ability. Dependent variables were the number of identified items, the number of steps per item, and memory organization. Results indicated that both low-and high-visualization users' performance improved significantly (76.3% more identified items and 83.4% fewer steps per item for low-visualization users; 36.5% more identified items and 78.4% fewer steps per item for high-visualization users) when using the structure preview design than when using the conventional design. When using the conventional design, high-visualization users had significantly better performance (36.9% more identified items and 23.6% fewer steps per item) than low-visualization users. Also, the memory organization of all users (including both low-and high-visualization users) improved significantly (42.9%) when using the structure preview design compared with the conventional design.
INTRODUCTION
As a pool of knowledge, the World Wide Web is used for two main purposes: publishing information in an electronic format for dissemination and retrieving information about a particular topic (Lightner, Bose, & Salvendy, 1996) . With the develop-ment of the Web, the emergence of advanced browsers and search engines has made the attainment of these purposes more efficient. In recent years, many articles regarding the use of the Web have been published. "Although their experience is valuable, the paucity of empirical data to validate or sharpen the insight means that some guidelines are misleading. It will take a decade until sufficient experience, experimentation and hypothesis testing clarify design issues" (Shneiderman, 1997, p. 5) .
The design issues and problems regarding the retrieval of information range from structure layout to information design. Many Web designers have noticed these problems with Web pages and have tried to improve their designs based on experiences. However, concern for Web page design from a human-computer interaction (HCI) perspective is still limited, such as the influence of humans' cognitive abilities on information retrieval performance. The main objective of this study is to examine how human visualization ability influences information search in a Web site and how a human-centered design (structure preview) of the Web site structure display could enhance users' performance. This study provides suggestions for Web designers to improve the design of Web pages. Such user-friendly pages will help users' retrieval of information, and in the future, good usability of Web pages will foster more extensive development on the Web.
TASKS AND VISUALIZATION ABILITY IN WEB SITE INFORMATION SEARCH

Information Search Tasks
Users come to the Web with different tasks that can range from specific fact-finding (specific item search) to more unstructured open-ended browsing and exploration of the availability of information on a topic (Shneiderman, 1997) . The specific item search tasks can be classified as search either using or not using a within-site search function. These two search strategies correspond to the analytic and browsing strategies proposed by Marchionini and Shneiderman (1988) . Chen (1997) concluded that general browsing users tend to use a continuous strategy and item-searching users generally adopt a discrete strategy. These two strategies correspond to the analytical and browsing strategies proposed by Marchionini (1995) . The focus of this study is on the information search (item search) tasks using a browsing strategy. For the design of a Web site to support an information search task using a browsing strategy, the organization of a Web site is the most important issue (Smith, Newman, & Parks, 1997; Yang & Salvendy, 1997) . When browsing a Web site to find target information, users usually do not know where to find the information. This reflects the facts that they do not know the categories of the Web site and they do not have the same mental model of the Web site structure as do the designers. Although Web designers can use methods (e.g., card sorting) to try to capture the users' mental models of the structure before constructing a Web site, it is still very difficult to meet different mental models held by a diverse population of users. Thus, instead of trying to discover and work with the different users' mental models, another effective strategy might be to use better display methods to communi-cate the Web site structure explicitly to the user to support the browsing strategy. For example, provide a site map and let users know where they are and where they can go (Nielsen, 1995) .
Visualization Ability in Web Site Information Search
The focus of this study was on item search tasks using a browsing strategy. The visualization ability in Web site information search tasks is discussed in this section, based on which a human-centered design (structure preview) is proposed (Section 3).
Web sites can be regarded as electronic information environments. According to Marchionini (1995) , in an electronic environment, there are eight subprocesses of information seeking: recognize and accept an information problem, define and understand the problem, choose a search system, formulate a query, execute search, examine results, extract information, and reflect/iterate/stop. The Web site information search process could also be regarded as human information processing in which there are also visual perception, decision-making processes, and the processes in working memory and long-term memory (Wickens, 1992) .
Based on these theories, the information search process in a Web site could be regarded as follows. When users bring up a Web page, they examine the items in that page. Think of this as a visual search process that corresponds to the perception stage of human information processing. If users cannot find the required item, they refine the problem and choose a path. This decision-making process may consist of mentally visualizing the Web structure, keeping track of the visited paths, avoiding being lost, and figuring out which path to choose (i.e., which links to follow). This process (including visualizing the Web site structure) could be assumed to occur in working memory. The whole information search process could be regarded as an iterative process. Users keep searching the Web site until they identify the required item.
One important assumption in this study is that the process of visualizing the Web site structure during information search is conducted in working memory. This visualizing might be mostly determined by the human's visualization ability. As Carroll (1974) pointed out, visualization requires the mental rotation of a spatial configuration in short-term visual memory and performing serial operations. Working memory and visualization ability play very important roles in the information search process (Jacko & Salvendy, 1996; Miller, 1981; Seagull & Walker, 1992; Stanney & Salvendy, 1995; Vicente, Hayes, & Williges, 1987) .
The search process in a Web site is very similar to traditional information retrieval in a menu structure, in which working memory and visualization ability play very important roles. The literature on retrieving information in a menu structure showed that there was a trade-off between a menu's depth and breadth (Miller, 1981) . The breadth of a menu system is constrained by visual search ability and its depth by working memory limitations. Research concluded that both depth and breadth had a significant effect on performance (Jacko & Salvendy, 1996; Miller, 1981) . This effect is shown as the information search time and error rate both decrease as display size (breadth) increases and number of levels (depth) decreases. Menu breadth was preferable to depth if for some reason the system could not adopt an optimal trade-off (Miller, 1981; Schultz & Curran, 1986) . On the contrary, one study indicated that a medium condition of depth and breadth outperformed the broadest shallow Web structure overall (Larson & Czerwinsky, 1998) . Although the past studies were somewhat conflicting with each other, the major point is that the working memory puts a limitation on information search performance in a menu system.
Visualization ability also plays a very important role in information retrieval tasks. It is one of the most important predictors of task performance for retrieving information in an information structure (Seagull & Walker, 1992; Stanney & Salvendy, 1995; Vicente et al., 1987) . It has generally been concluded that users with high visualization ability perform better than those with low visualization ability (Seagull & Walker, 1992; Vicente et al., 1987) . Individuals with high spatial ability, however, tend to outperform individuals with low spatial ability only when information search tasks require the use of spatial ability in mentally constructing a model of the organization and structure of embedded task information (Stanney & Salvendy, 1995) . Vicente et al. (1987) suggested that those with low spatial ability were getting lost in the hierarchical file structure.
These past studies suggested that users seem to perform the visualization work in their working memory. In those studies (Seagull & Walker, 1992; Stanney & Salvendy, 1995; Vicente et al., 1987) , before performing the information search tasks, all participants were provided with a hard copy of the files and given detailed instructions as to both the type of information and the organization of the document. Because users were allowed to study the information structure before they searched, they could store the visualized structure in their short-term memory.
Searching information in a Web site is very similar to the information search tasks in the studies previously discussed, but users usually do not have the opportunity to study the intended Web site thoroughly before conducting search tasks. Therefore, it is assumed that users do the visualization work in their working memory, which may be a heavy burden on working memory for users with low visualization ability.
Based on the previous discussions, it seems that accommodating low visualization ability and reducing working memory load might be effective ways to improve users' performance in Web-based environments. Seagull and Walker (1992) concluded that it was not effective to alter the organizational structure (breadth and depth of hierarchy structure) of a database to accommodate users with low visualization ability. In another study, Stanney and Salvendy (1995) suggested that the key factor in the accommodation for these users is the elimination of the need to mentally visualize the information structure of an embedded task. It is suggested in this study that reducing working memory load may accommodate low visualization ability if visualization work is indeed conducted in working memory.
Literature suggests that the burden on working memory can be transformed to visual search (perceptual system) to improve performance. Wickens and Carswell (1995) suggested that mental operations carried out in working memory be re-placed with perceptual operations that were carried out more or less automatically to reduce mental workload. Lohse (1997) further concluded that color graphs reduce cognitive overhead by shifting some of the cognitive burden to the visual perception system. Therefore, it is suggested in this study that a good Web site design be provided to help users transfer some workload from their working memory to their visual perception systems. For example, this can be accomplished by displaying the Web site structure on each Web page. This kind of design probably encourages users rely more on the visual search (perception) than on the memorization of site structure to find information.
In summary, there are several assumptions in this cognitive analysis of Web site information search tasks. Spatial visualization ability is one of the most important predictors of task performance for retrieving information in an information structure (multilayer menu design). Thus, when users retrieve information on a Web site with the conventional design (a kind of information structure), they have to visualize the structure, which is held in working memory when they are searching information on a Web site. The implication is that reducing the working memory load so as to reduce the need to mentally visualize the structure of information can accommodate users with low visualization ability. Then, low-visualization users' performances could be improved, and high-visualization users could benefit as well.
Three hypotheses were proposed in this study. Hypotheses 1 and 2 were proposed to test the cognitive implications to indicate that the structure preview Web site design would help users reduce the workload of visualizing the structure by shifting some work in working memory to the perception stage. The structure preview design of a Web structure display is discussed in detail in Section 3. The three hypotheses are discussed in Section 4.
STRUCTURE PREVIEW DESIGN
The structure preview is called the human-centered design or Web site navigation menu (Figure 1) , which is very similar to a menu structure in Windows 95 and Windows 98. In this navigation menu, all items are grouped into several levels, and each item is a hyperlink leading to one Web page. The bottom-level items are links to individual content Web pages, and the other items are links to category pages in this Web site.
When users move the mouse pointer on one of the top-level items, then the subcategory (second-level) items will show up on the screen. If the users move the mouse pointer over the second-level items, then the next level items will show up, and so on. When users get to the bottom-level items, they can click each one of the items and directly go to one Web page. Figure 1 shows a three-level navigation menu. The corresponding conventional design in this study is shown in Figure 2 .
Structure preview was actually a feature inspired by the hierarchy menu design. When this feature was proposed at the end of 1997, Web sites and the literature concerning Web design were reviewed extensively and the conclusion was that few if any Web sites adopted this hierarchy menu design as the main navigation method. The reason was not known because the technologies could fully support this design. Now, Web design develops so quickly that Microsoft has already adopted this design for its home page (which can only be viewed with Microsoft Internet Explorer 4.0 or later).
The emphasis in this study is on how this design could improve users' performance of information search tasks using a browsing strategy, and what the underlying cognitive reasons and foundations are to support one design instead of the other. Based on the review of the literature, it was thought that visualizing the Web site structure is a major part of the work done in working memory during information search tasks. This design was hypothesized to provide a good display of a Web site structure and help users by shifting some of the workload of visualizing the Web site structure to the perception stage. Thus, the design was called a humancentered design in this study.
When users with high spatial ability browse, they tend to impose structure on the environment regardless of how unstructured it might be (Kwasnik, 1992; Witkin, 1950 Witkin, , 1978 Witkin, Dyk, Faterson, Goodenough, & Karp, 1962) . This structure preview display of Web site structure displays the Web structure very clearly FIGURE 1 Using the structure preview design. and may let users browse more freely across different layers of a Web site without having to enter each level. Thus, it was believed that this design could lead to higher user performance. This point of view is partially consistent with the recommendations by Nielsen (2000) , who pointed out the usefulness of providing visualized structure information to users. He said that although users tended to look at the content of a Web page and ignore the navigation areas when they scanned a new page, structure did help users navigate. Further, "all Web browsers have neglected the need to visualize structural information. Pre-Web hypertext systems often did this, and the research showed that good structural visualizations (not whizzy 3D views) helped substantially" (Nielsen, 2000, p. 1) . What Nielsen emphasized was that a good Web browser should provide structural information to users. In this study, the structure preview could be regarded as a way to present the visualized information structure by the Web site itself, not by the Web browser. The structure preview in this study links all sections of the site from all Web pages, which is not consistent with Nielsen's suggestion. Thus, for practice, maybe it is FIGURE 2 Using the conventional design. more practical to design this feature to give users structure information, and in the meantime, make this feature concise by providing links only to selected pages.
HYPOTHESES
Three hypotheses were proposed, and all of them were for novice users who were not familiar with the experimental Web site.
H1: In conducting item search tasks using a browsing strategy, users with high visualization ability will have better performance (more identified items and fewer steps per item) than users with low visualization ability when both groups are using the conventional design. H2: The performances of users with low visualization ability and users with high visualization ability will be enhanced in comparison to using the conventional design by using the structure preview display of Web structure when they are conducting item search tasks using a browsing strategy. Users with low visualization ability will improve more than users with high visualization ability.
Past studies have indicated that spatial visualization ability is one of the most influential predictors of computer performance on hierarchical information retrieval tasks (Campagnoni & Ehrlich, 1989; Seagull & Walker, 1992; Stanney, 1992; Stanney & Salvendy, 1994 Vicente et al., 1987) . Users with high visualization ability generally have better performance than users with low visualization ability, and it is generally not effective to alter the organizational structure of the database to accommodate users with low visualization ability (Seagull & Walker, 1992) . In these studies, participants were given the information hierarchies to study before the experiments, which led to the enhanced performance. When surfing the Web, however, users usually do not have this learning experience before information search or they just have no patience to learn the structure of a Web site (Nielsen, 1997) . Thus it was expected that visualization of a Web structure might place a heavy burden on users' working memory. The structure preview was predicted to reduce this burden by shifting some burden to the perception system.
If users with high visualization ability have better performance than users with low visualization ability when using the conventional design, and if the performance of both groups of users can be improved significantly when they use the structure preview design in comparison to the conventional design so that there is no significant difference between these two groups in performance, then the implication would be that the structure preview design may transfer some mental workload from working memory to the visual perception system. Thus, manipulating the structure display of a Web site may greatly improve information retrieval and the usability of a Web site.
H3: In conducting item search tasks, the memory of users with high visualization ability will be better organized than that of users with low visualization abil-ity when both groups are using the conventional design. However, when they use the structure preview design, users with low visualization ability will improve more than users with high visualization ability (in relation to using the conventional design), such that there will be no significant differences detected between the memory organization of users with low visualization ability and that of users with high visualization ability.
Besides the influence on performance, the visualization ability and Web site design type were also hypothesized to have a significant influence on users' memory organization.
Memory organization (measured through clustering of free recall) has been studied on field dependent (FD) and field independent (FI) users (Stanney & Salvendy, 1992) . FD users generally have high spatial ability (visualization ability) and FI users generally have low spatial ability (Stanney & Salvendy, 1994; Witkin, 1950 Witkin, , 1978 . Thus, the study on performance difference between FD and FI users could infer the performance difference between users with low and high visualization ability. Stanney and Salvendy (1992) concluded that there was no significant difference on the clustering of free recall between FD and FI users when they performed the information search task with a rigid condition (rigid hierarchical organization of information in the computer system). In that study, users studied the information hierarchy before the actual information search in a traditional menu structure. However, for Web site information search, the more realistic situation is that users do not study the information structure before the actual information search tasks. Then, users might need to mentally structure the information during the actual information search. Due to the challenging situation that requires users to mentally structure the information organization, it could be hypothesized that users with high visualization will have better memory organization than users with low visualization when conducting information search with the conventional Web site design.
Furthermore, carefully designing the Web site structure display could help users with low visualization ability to improve their memory organization. Users only need to recognize (visual perception) rather than exert effort to mentally structure the Web site to conduct the information retrieval tasks. The structure preview design was believed to present the information in a way that allowed users to browse the information hierarchy more easily. It was expected that memory organization of users with low visualization would be improved if they used the structure preview design. Thus, it was expected that users with high visualization ability and low visualization ability would not have the significantly different memory organization when they used the structure preview design.
METHODOLOGY
One experiment was conducted to test three hypotheses. The intention of this experiment was to examine how visualization ability and design type could influence users' information search performance and their memory organization.
Participants
Participants were students at Purdue University. Only novice who were not familiar with the Web site used in this experiment were selected as participants. Participants were selected based on their visualization ability. The number of participants was determined based on an estimated power calculation. Forty participants were selected for this experiment. Twenty participants were selected as low-visualization users and 20 participants were selected as high-visualization users. Visualization ability level was based on the score of the visualization test (VZ-3) from a kit of factor-referenced cognitive tests (Ekstrom, French, & Harmon, 1976) . There are two tests of VZ-3. One was used in the participant selection (before experiment) and the other was administered after the experiment. Correlation analysis of these two tests' scores was done to verify the reliability of the tests. The maximum possible score for each test was 30.
The classification of low-and high-visualization-ability users was based on the distribution of visualization test scores. One hundred and thirty-eight students from Purdue University took the test. The distribution of the test scores is shown in Figure 3 . From these 138 students, 40 were selected as participants. Those users with scores below 15 were selected as low-visualization users and those users with scores higher than 15 were selected as high-visualization users.
Thus, before the experiment, participants were divided into two groups: low-visualization group with low-visualization score, and high-visualization group with high-visualization score. Each group was further evenly and randomly assigned to two designs: the conventional design and the structure preview design. Histograms of visualization scores of all four groups of participants are shown in Figure 3 .
To reduce undesired variations among participants due to different culture and knowledge backgrounds, most of the participants were Chinese students at Purdue University. They were international students, rather than U.S.-raised students of Chinese origin. The length of time in the United States may be a factor, because it may influence a person's reading speed in English. Because almost all participants were international students from China, this factor could be assumed not to cause much variance in the data, but the results have to be interpreted with caution. All participants were studying in engineering, science, or another area that provided sufficient computer and Web exposure to the students. Among the participants, there were 35 Chinese students and 6 other international students. One participant's data are invalid because of a malfunction of the computer (Participant 3). Thus, the number of participants for which we have valid data is 40, among which 34 are Chinese students.
In sum, there were four groups of users: low-visualization users using the conventional design, low-visualization users using the structure preview design, high-visualization users using the conventional design, and high-visualization users using the structure preview design.
A preexperiment questionnaire was used to determine candidates' knowledge of using computers and the Web. There were no statistically significant differences among the four groups of participants with regard to any of the characteristic vari- ables collected, including age, education, gender, computer experience, and Web experience.
Tasks
Participants performed item search tasks using a browsing strategy in this experiment. Participants were asked to search 60 pages within a certain Web site in 30 min. Participants were asked to search the items according to the sequence of the tasks provided online. To eliminate boredom, tasks were designed to be time limited. That means the experiment stopped after 30 min whether or not the participant had identified all required items. Because the learning effect is usually significant in the early period of the tasks, before doing the formal tasks, participants were allowed to work with the tools as long as they wanted until they could use the tools to pass a preexperiment sample search test.
An IBM-compatible desktop computer was used in the experiment. Each participant was required to perform the tasks independently. No other participant presented in the experiment except for the experimenter. The experiment setup and data log software were programmed with Microsoft Visual Basic 5.0, in which there was an experimental Web browser provided to the participants for browsing the Web sites.
One copy of Pi3 Web server was downloaded from http://www.pi3.org/ and was installed on the computer used in the experiment. This Web server was running during the experiment to provide the Web sites to the experimental Web browser. Thus, it was believed that the Web page download time did not have a significant influence on the experiment.
There were two Web sites in the experiment, each with the same 300 pages. The contents of those 300 pages were modified from a Microsoft Encarta ® encyclopedia CD. Both Web sites were organized into the same three-level hierarchy structure. The categorization of these 300 Web pages exactly followed the categorization in the encyclopedia. The idea of choosing materials from Encarta ® encyclopedia was borrowed from research on Web information search (Larson & Czerwinsky, 1998) . On the top level, there were seven categories: Art, Geography, History, Life Science, Performing Arts, Technology, and Sports and Pets. Under each top category, there were several second-level categories. Under each second-level category, there were several items (links to specific content Web pages). Figure 1 illustrates one sample procedure in using the human-centered design (structure preview). The general procedure was as follows. If a user would like to find a Web page about the Battle of Waterloo, then the user reads the navigation menu items (Step 1). He or she might think that this page should be in the History category, so he or she moves the mouse pointer over the History item, then, the subcategories under History appear on the screen (Step 2). The user thinks that the target page should be under the subcategory of European History, so, this user moves the mouse pointer over the European History item, then, the four Web pages under this subcategory appear on the screen (Step 3). The user clicks the Waterloo Battle, then the target Web page shows up (Step 4). Each item changes to a green color when the mouse pointer is moved on it (in these figures, they are presented as black and white). As a comparison, the standard procedure for using the conventional design is shown in Figure 2 . The main difference between these two designs was that there was a structure preview design (navigation menu) in the new Web site design, which was programmed with JavaScript. In the new design, users can use structure preview to browse the Web site. On the contrary, in the conventional design, users can only use the conventional procedure by following the hyperlinks. Because the structure preview (navigation menu) remains visible on all of the Web pages and users can browse it at any time before following a particular path, it can be expected that the probability of following an incorrect path when using this new design should be lower in comparison to using the conventional design.
Dependent Variables
There were three dependent variables: number of identified items, number of steps per item, and memory organization (clustering in free recall). Number of identified items and number of steps per item were used to test Hypotheses 1 and 2. Memory organization was used to test Hypothesis 3.
Number of identified items refers to the number of pages that participants could identify correctly within 30 min. When an item was identified, a dialog box popped up to indicate success. To avoid ceiling effects, 60 items were provided and participants were told to search them for 30 min only. The tasks were designed to make even high-visualization-ability participants unable to finish 60 items in 30 min regardless of what design they used (the conventional design or the structure preview design). Number of steps per item can show the efficiency of the participant's search.
Memory organization was measured by clustering in free recall. Recall protocol was used to assess the amount (number of items recalled) of information that was readily accessible by participants. The free recall was obtained by asking participants to recall as many items as they could from the experimental Web site. If information was organized well by participants, it should be more readily retrieved. If the information was left unorganized, fewer retrieval cues were available to assist in recall. Clustering was regarded as a consequence of organization in memory of the target information (Stanney & Salvendy, 1994) . From an analysis of adjacent recalls, the adjusted ratio of clustering measure (ARC), a measure of clustering (Roenker, Thompson, & Brown, 1971) could be obtained to determine the type of relations that participants developed among the items in a Web site. This measure was used as an estimate of the amount of organization participants had imposed on their memory structures; that is, to reflect the user's memory organization. The formula for computing the ARC is:
where R is the total number of observed category repetitions, max R is the maximum possible number of category repetitions (max R = N -k, with N as the total number of items recalled and k as the number of categories represented in the recall protocol), E(R) is the expected (chance) number of category repetitions, and n i is the number of items recalled from category i. Many studies have used clustering in free recall to determine how individuals organize their knowledge structures (Bower, 1970) . These studies used free recall responses and compared the clustering of participants' responses to a set of random responses. The results of these studies indicated that the free recalls of individuals generally were not random but expressed significantly more clustering than a random process. Thus, "this information should shed light on the memory knowledge structures developed by participants under the different task conditions" (Stanney & Salvendy, 1994, p. 602) . This measure could be used to determine the type of relations that participants developed between the directories in a menu structure.
Independent Variables
Two independent variables were used: user type (users with low visualization ability and users with high visualization ability), and Web site design type (structure preview design and conventional design).
Users were grouped based on VZ-3 ability test scores (Ekstrom et al., 1976) . The reliability (coefficient alpha) of this test is .92, which was obtained by analyzing the preexperiment and postexperiment test scores. The validity of this test cannot be obtained from the literature and cannot be assessed based on the collected data in this study. Although many past studies used this test to assess visualization ability (Seagull & Walker, 1992; Vicente et al., 1987) , we have to be cautious when drawing conclusions. The conventional design (Figure 2 ) and the structure preview design (Figure 1 ) shared the same hierarchical structure except that the structure preview design had the structure preview feature.
Experimental Design
This experiment was a two-factor factorial experimental design. The two factors were user type (low-visualization-ability users and high-visualization-ability users) and Web structure display design (structure preview design and conventional design).
Procedure
In this experiment, all participants began by filling out a preexperiment questionnaire concerning their personal characteristics, such as age, major, year in school, past computer and Web experience, and current frequency of usage of computers and the Web. Each participant was given both paper and on-screen instructions concerning how to perform the information search experiment. A practice session was conducted to help the participants understand the operation of the system and the tasks to be performed. Following the practice, each participant was asked to perform 60 tasks with one item to be searched in each task. Participants were instructed to perform the information search tasks as quickly as possible without sacrificing accuracy. While participants were performing the tasks, they were allowed to ask questions about the search tools but were not allowed to ask questions about the search items. The search tasks took 30 min.
On the completion of the search tasks, participants were given a surprise free recall test. This was a self-paced written free recall of the names of the Web page titles. Participants wrote down as many items as possible, and they could recall in whatever order they chose. The ARC scores were calculated from the recall protocol. This information might shed light on the memory knowledge structures developed by participants (Stanney & Salvendy, 1994) .
After the free recall test, participants did one visualization cognitive test; then they performed two perceptual speed tests. Finally, participants were paid and filled out the payment form.
RESULTS
Model Adequacy for Testing of Hypotheses 1 and 2
Hypotheses 1 and 2 were tested by the F test with the general linear model (GLM) procedure of SAS software. Before the statistical test was conducted, all collected data were checked for model adequacy for statistical analysis. Normality plots, normality tests, and homogeneity tests showed that model adequacy for the number of identified items held, but model adequacy for the number of steps per item did not hold. Then, a log transformation was applied to the number of steps per item. After transformation, the model adequacy held.
Testing of Hypotheses 1 and 2
The purpose of Hypothesis 1 was to test the effect of visualization ability on users' performance when they conducted the item search tasks using a browsing strategy and conventional Web site design. The intention of Hypothesis 2 was to test how the structure preview design could enhance the performance of both the low-and high-visualization-ability users in comparison to the conventional design. The performance variables in these two hypotheses were the number of identified items and the number of steps per item.
The descriptive statistics of the data are shown in Table 1 . Because this was a two-factor factorial design, a two-way analysis of variance (ANOVA) was run for both variables. For the identified item number, both visualization, F(1, 36) = 4.42, p < 0.05 and design effects, F(1, 36) = 31.27, p < .0001 were significant, but their interaction was not significant, F(1, 36) = 1.35, p < .2523. For the step number per item, the data were transformed. Both visualization F(1, 36) = 8.59, p < 0.01, and design effects, F(1, 36) = 3281.33, p < .0001 were significant. The interaction between design and visualization was also significant, F(1, 36) = 5.91, p < 0.05.
To assess the comparison of low-visualization users using the conventional and structure preview designs and the comparison of high-visualization users using the conventional and structure preview designs, Duncan Multiple Range comparisons (Montgomery, 1997) were conducted on step number per item. These comparisons showed that both low-and high-visualization participants had significantly better performance when using the structure preview design as compared to using the conventional design. There were 76.3% more identified items and 83.4% fewer steps per item for low-visualization users, and 36.5% more identified items and 78.4% fewer steps per item for high-visualization users.
When using the conventional design, high-visualization users had significantly better performance than low-visualization users; that is, 36.9% more identified items and 23.6% fewer steps per item. When using structure preview design, there was no significant difference in performance between low-and high-visualization users.
Thus, Hypothesis 1 was fully supported; that is, in conducting item search tasks using browsing strategies, users with high visualization ability had significantly better performance (more identified items, fewer steps per item) than users with low visualization ability when both groups were using the conventional design.
Hypothesis 2 was partially supported, as the performances of both users with low visualization ability and users with high visualization ability had been enhanced significantly in comparison to using the conventional design by using the structure preview design when they were conducting item search tasks.
Because the interaction between visualization effect and design effect was significant only for step number per item, not for the number of identified items, we concluded that users with low visualization ability improved more than users with high visualization ability only regarding the performance variable of step number per item. Thus, Hypothesis 2 was only partially supported. 
Testing of Hypothesis 3
Hypothesis 3 examined how visualization ability could influence users' memory organization for the information search tasks, and how the structure preview design could improve users' memory organization in comparison to the conventional design.
A two-way ANOVA was run to test Hypothesis 3. The analysis showed that the visualization main effect, F(1, 33) = 0.63, p < .4335, was not significant, but the design main effect, F(1, 33) = 7.52, p < 0.01 was significant. The interaction between visualization and design was not significant, F(1, 33) = 0.27, p < .6075. The descriptive statistics are provided in Table 1 . Because the visualization ability factor was not significant, low-and high-visualization users were pooled together for the conventional and new designs, respectively. One-way ANOVA for the design factor indicated that it is significant, F(1, 35) = 8.02, p < 0.01. The mean memory organization of all users (including both low-and high-visualization users) improved significantly (42.9%) when using the structure preview design compared with the conventional design.
Further Analyses
To determine how much of the variance of the dependent variables could be explained by the two independent variables, stepwise regression analyses were conducted. Results (Table 2) showed that the design factor could explain more variances for all three dependent variables than the visualization factor. However, the total correlation of memory organization to both design and visualization ability is not high (R 2 = .21). Even in this case, the design factor can explain more variances in the memory organization than the visualization ability factor can explain, as shown in Table 2 , the correlation between design and memory organization accounts for 89.5% of the total correlation.
The correlations between visualization and all three dependent variables were also analyzed, and the results are presented in Table 3 . Visualization scores were significantly correlated with the identified item number and step number per item when users used the conventional design; on the other hand, when users were using the structure preview design, there were no significant correlations detected. The implication was that, with the conventional design, visualization ability seems to have played an important role in the information search tasks on the Web, but with the structure preview design, visualization ability did not significantly influence users' performance. However, the visualization score is not significantly correlated with memory organization for both conventional and structure preview design. This suggests to us that visualization ability does not play an important role in better organizing users' memory when they are using both conventional and structure preview design. These results are consistent with the conclusions from previous ANOVAs. After the experiment, participants' perceptual speed was tested using Finding A's Test (P-1) from a kit of factor-referenced cognitive tests (Ekstrom et al., 1976 ). An ANOVA was conducted to test the difference on this score among the four groups of users (low-and high-visualization users using conventional and structure preview design), and the results showed that there was no significant difference among these four groups of users, F(3, 36) = 0.49, p = .6910. These conclusions indicated that the participants' perception ability did not influence the performances. The reliability of the visualization test was verified by the fact that there was a significant (r = .86637, p < .0001) correlation between the before and after experiment visualization test scores of the participants.
DISCUSSIONS AND CONCLUSIONS
The purpose of this study was to investigate how visualization ability could influence users' performance and memory organization when they performed Web information search tasks, and how a human-centered design (structure preview) could enhance users' performance in comparison to a conventional design. Please note that caution needs to be exercised in generalizing the results from this study because the majority of participants were from a limited population-Chinese students at Purdue University.
This study indicated that the performance of both high-and low-visualization participants improved significantly (more identified items and fewer steps per item) when using the structure preview design than using the conventional design. These results showed that the structure preview design significantly improved the users' information search performance.
The high-visualization users identified more items and took fewer steps than low-visualization users when conducting information search using the conventional design. This was consistent with several past studies of information search in computer systems (Campagnoni & Ehrlich, 1989; Seagull & Walker, 1992; Stanney & Salvendy, 1994; Vicente et al., 1987) . This study concluded that, in the Web site information search without prior knowledge of information organization, high-visualization-ability users outperformed low-visualization-ability users on the number of identified items and the number of steps per item. There was no significant difference in memory organization between high-and low-visualization users when they were performing information search tasks using the conventional design. Based on the perspective that low-visualization-ability (spatial ability) users tend to be FD users and high-visualization-ability users tend to be FI users (Witkin, 1950 (Witkin, , 1978 , the results of this study are consistent with some results of the past study conducted by Stanney and Salvendy (1994) . In their study, when comparing the clustering of free recall, there were no significant differences detected between FD and FI users under the rigid and yoked conditions. The only significant difference detected was under the flexible condition, which lacked salient structure. The task condition in this study is similar to the rigid condition defined by Stanney and Salvendy. Thus, the conclusion on memory organization between low-and high-visualization-ability users is consistent with the past study by Stanney and Salvendy. It seemed that searching information without the prior knowledge of information structure might not be challenging enough to lead to differences on memory organization between low-and high-visualization users.
The memory organization of both groups of visualization users improved significantly when using the structure preview design than when using the conventional design. The testing of Hypothesis 3 implied that the structure preview design gave a clear display of the Web site structure, with which users did not have to exert much effort to mentally construct the Web site information structure. Thus, the structure preview design may have significantly reduced the workload for users and was helpful in better organizing their memory.
Correlation analysis showed that visualization ability was significantly correlated with users' performance when users used the conventional design, whereas no significant correlations were indicated when they used the structure preview design. The implication was that, although visualization ability played an important role in information search when users were using the conventional design, it was not influential when users were using the structure preview design. Stanney and Salvendy (1995) indicated that the key factor in the accommodation process for low visualization ability was the elimination of the need to mentally visualize the information structure, which could be concluded from the analyses results indicating that low-spatial-ability users could perform the information search tasks as efficiently as the high-spatial-ability users if some visual mediators could be provided. This study showed that the structure preview design could improve the information search performance of the low-visualization users to such a level that there were no significant differences between low-and high-visualization users. Furthermore, the correlation between visualization ability and users' performance was no longer significant with the structure preview design. All these analyses suggest that the structure preview design may accommodate low visualization ability. Manipulating the structure display of a Web site could greatly improve information retrieval and the usability of a Web site.
A recommendation from this study would be that it is a good choice to use the human-centered design (structure preview) to display the structure of a Web site. For a complex Web site, the whole site can be divided into subsites, then the structure preview could be used to display the structure of each subsite. The results from this study can benefit the design of commercial Web sites, hypertext systems, e-commerce, browser design, and other Web-related areas.
